Contribution for Analysing, Saving and Prioritising of Lessons Learned Issues Regarding Product Improvement and Future Product Generations  by Bracke, Stefan et al.
 Procedia CIRP  40 ( 2016 )  179 – 184 
Available online at www.sciencedirect.com
2212-8271 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the International Scientific Committee of the 13th Global Conference on Sustainable Manufacturing
doi: 10.1016/j.procir.2016.01.095 
ScienceDirect
13th Global Conference on Sustainable Manufacturing - Decoupling Growth from Resource Use
Contribution for analysing, saving and prioritising of lessons learned issues 
regarding product improvement and future product generations
Stefan Brackea*, Masato Inoueb, Berna Ulutasc
aUniversity of Wuppertal, Chair of Safety Engineering and Risk Management, Gaußstraße 20, Wuppertal, 42119, Germany
bMeiji University, Department of Mechanical Engineering Informatics, 1-1-1 Higashi-Mita, Tama-ku, Kawasaki, Kanagawa 214-8571, Japan
c Eskisehir Osmangazi University, Department of Industrial Engineering, Eskisehir 26480, Turkey
* Corresponding author. Tel.: +49-202-439-2064; fax: +49-202-439-2966. E-mail address: bracke@uni-wuppertal.de
Abstract
Based on the customer’s product recognition, environment protection becomes key sales arguments within the consumer goods industry. 
Customers expect longer usage phase of products and reduced use of resources. Product reliability may help to save resources in many ways 
such as replacement of parts and minimizing logistic efforts throughout the product’s life span. To achieve the generic goal of reliability and 
sustainability, it is important to learn from product’s failures during design, manufacturing and use phase. Therefore, structured knowledge 
regarding a long life cycle (e.g. development: 2 years; production: 6 years; usage: 15 years) should be saved. This paper outlines a conceptual 
Lessons Learned approach on how to analyse, save and prioritise Lessons Learned issues – based on structured weak point data and information 
- out of the product life cycle to improve reliability and sustainability of the subsequently product generation.
© 2016 The Authors. Published by Elsevier B.V.
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1. Introduction
Environment protection became a key sales argument in the 
last twenty years. Customer expects reduced resource 
consumptions and longer usage phase regarding consumer 
products, such as automobiles, white goods et cetera. The 
importance of the environmental protection as a part of 
product development, manufacturing and support during the 
usage phase should be developed in a continuous way. The 
consideration of environmental-related aspects is increasing 
from the actual to the subsequently product generation. 
Product reliability saves resources in many ways such as 
replacement parts and minimising logistic efforts throughout 
the product’s life span area. Therefore, the increasing level of 
product reliability regarding the subsequently product 
generation is obligatory (and inherent) from the manufactures 
point of view (cf. Bracke et al. [1], [2]).
One essential source for future product development with 
the generic goal of increasing of the product reliability and 
sustainability is to learn from product’s weak points and 
manufacturing failures (Lesson Learned issues) of the actual 
product generation. 
The term Lesson Learned is broadly used to describe 
people, things and activities related to the act of learning from 
experience to achieve improvements. The idea of Lesson 
Learned in an organisation is that through a formal approach 
to learning, individuals and the organisation can reduce the 
risk of repeating mistakes and increase the chance that 
successes are repeated [3].
Lesson Learned issues can be detected and generated
within the main phases of the product life cycle: product 
development, manufacturing and usage phase (field). 
However, it may be a challenging to save structured 
knowledge, especially within a long life cycle (e.g. in the case 
of automotive engineering: development: 2 years; production: 
6 years; usage: 15 years). 
Lesson Learned issues can be generated with two goals:
a) Lesson Learned issues generated for the actual product 
generation (e.g. detailed optimisation).
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b) Lesson Learned issues generated for the next product 
generation (e.g. optimisation in principle, changing 
concepts).
The base of operation for generating Lesson Learned issues 
are detected weak points in value-add processes, therefore 
with regard to the product (development phase, usage phase) 
or the manufacturing process (production phase). Every failure 
generates valuable knowledge either, based on the actual 
failure correction (done actions) or based on possible 
correction actions (but not done; e.g. caused by economically 
reasons). 
The rest of the paper is structured as follows. Lessons 
Learned concept and importance is defined in section 1 with 
two popular examples (Section 1.1: TSUNAMI example: 
Learning with regard to the human forgetfulness and memory 
damping; Section 1.2: Automobile automatic transmission 
example: Learning regarding shift gear strategy). Furthermore,
section 1.3. provides an excerpt of the state of the art 
approaches regarding Lessons Learned approaches. Section 2
summarizes base of operations for product life cycle phases. 
Proposed approach is explained in in section 4 then, Lesson 
Learned issues regarding the main phases sections 4.1 
(Development), 4.2 (Manufacturing phase) and 4.3 (Usage 
phase). Finally, last section concludes the study and provides
ideas for future studies.
1.1. TSUNAMI Example: “A man forgets”
Tohoku district of Japan was hit with a magnitude 9.0 
earthquake on 11th March 2011. The 2011 Tohoku and 
tsunami have caused 18,470 missing and dead persons as at 
8th May 2015. Has Tohoku district of Japan never been 
heavily affected by the earthquakes and following tsunami? 
Do all Japanese people who live in Tohoku district remember 
the past strong earthquakes and the lesson learned from them? 
The answers are both “NO”. Tohoku district of Japan was 
struck by a strong earthquake called “869 Sanriku 
earthquake” in 869, and the tsunami inflicted enormous 
damage on the Sanriku area in Tohoku district. Moreover, 
1611 Sanriku earthquake, 1896 Sanriku earthquake, and 1933 
Sanriku earthquake occurred, and many people were died by 
the every earthquake tsunami.
Figure 1 illustrates a principle of human beings “A man 
forgets”.  The number of “3” is key information regarding the 
human forgetfulness [4]. From the view point of the 
individuals, humans are often getting bored when they repeat 
the same behaviour for “3 days.” The humans rather forget 
their memories when “3 months” have passed if they are 
victims of a failure or an accident, and they gradually forget 
their memories when “3 years” have passed even if their 
experiences are really hard. On the other hand, even if the 
organisations maintain records of their activities based on a 
certain definite rule, the memory damping occurs. The 
organisations tend to forget their experiences (memories) 
when “30 years” have passed because of the turnover of the 
organization members. Further, wide communities also forget 
past experiences when “60 years” have passed because of the 
human life duration.
The societies forget the accidents ever existed when “300 
years” have passed. The 2011 Tohoku and tsunami runs 
beyond 400 years after 1611 Sanriku earthquake and about 
1,200 years after 869 Sanriku earthquake. The societies had 
already forgotten these past earthquakes except a 
documentary of Lesson Learned record.
Fig. 1: Memories of failure, accident and disaster disappear.
1.2. Automotive Engineering Example: Automatic 
transmission shift strategy
The “Automatic Shift Lock (ASL)” is an exemplary for a 
product’s weak point Lesson Learned process; the failure 
mode/symptom that was detected in the usage phase [5]. 
Customers using automatic transmission cars claimed an 
unintentional start to move after the start-up of the car in 80’s. 
The problem of unintentional moving of car had happened 
with a high-speed up, was unexpected and alleged not caused 
by the customer. In some cases, the customers had accidents 
after the unintended car speed-up problem. The cause of the 
problem was assumed to be a technical reason at first. But 
after detailed analyse of the accidents, it was stated that main 
cause of the problem was customer behaviour: After shifting 
from “Park”-positon to “Drive”-Position”, car had moved 
slowly due to the classical automatic transmission working 
principle. As the car moved slowly, the customers were afraid 
and had confused the locations of brake and gas pedals 
leading to unintended speed-up causing accidents
The technical solution “ASL” for this problem was 
obtained by changing the shifting philosophy. A magnetic 
lock allows only the manual change from “Park”-positon to 
“Drive”-Position”, while pushing the brake pedal. This 
solution – and derivatives of it – is now state-of-the- art in 
automobile engineering. The Lessons Learned issue was 
caused by product weak point (shifting strategy) and the 
knowledge gained was implemented in current and following 
product generations.
1.3. State of the Art (Excerpt): Lessons Learned approaches
Based on the accessible literature review, it can be claimed 
that topics related with Lesson Learned has gained more 
importance within the last ten years. A number of researches 
have introduced conceptual models, some based on case 
examples, from different points of view. 
Designers and production engineers require various kinds 
of feedback so that the information flow can be closed over 
the entire product life cycle to construct a ubiquitous 
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surrounding that enables people to use a variety of information 
and communication services by networking anywhere, 
anytime without any interruption- in Product Lifecycle 
Management (PLM). This closed-loop PLM focuses on the 
complete life cycle of a product with more emphasis on 
tracking and managing information over the entire product life 
cycle and possible feedback of information in each product 
life cycle phase [6,7]. Lee et al. [8] also focus on conceptual 
architecture for ubiquitous-PLM.
Hauschild et al. [9] presents Lessons Learned from four 
years of work with industry on development of a methodology 
for social Life Cycle Assessment (LCA) and implementation 
in the industrial product chain. Proposed methodology 
supplements the traditional environment-oriented LCA and the 
life cycle costing tools in support of sustainability 
management addressing people, planet and profit.  
Short et al. [10] provides the results of a questionnaire 
conducted for Sweden and UK engineering companies. It is 
concluded that the importance of the implementation of 
sustainability has not yet been fully grasped by industry and 
by those with the responsibility required to effect any changes.
Huang et al. [11] proposes a novel approach that uses a 
semantic-based visualised wiki system (SVWkS) to support 
Lesson Learned knowledge reuse. The promising results 
confirm the feasibility of SVWkS in helping engineers to find 
needed Lesson Learned knowledge and reuse-related 
knowledge.
It is obvious that product design is a knowledge-intensive 
activity in manufacturing enterprises [12]. Research suggests 
that in the process of product design, about 80% of the design 
activities are reusing historical experience and knowledge to 
solve current problems [13]. Knowledge management 
applications or methodologies in product design mainly 
manage knowledge resources, such as design patents, 
technical standards, design formulae, design rules, software 
for design or simulation, and so on. Dekkers et al. [14] present 
a systematic review of the literature focused on the interface 
between product design and engineering. Identified core 
themes are summarized as integral productivity, order entry 
points and modularity, product life cycle management, 
sourcing decisions and supplier involvement, integrated 
processes and coordination, and enabling through information 
and communication technology.
Liang et al. [15] develop a forecasting method which 
incorporates knowledge from related sales, product usage, 
customer return behaviour, and product life expectancy 
information to provide a more accurate prediction of product 
returns. However, there are still open issues to discuss based 
on product life cycle to improve reliability and sustainability 
of operations. Therefore, the goal of the presented research is 
to develop a systematically Lesson Learned approach for 
detection, documentation and saving of Lessons Learned 
issues during product life cycle phases and using these 
knowledge for following product generations.
The approach is based on the structured documentation and 
knowledge learning from the weak points of product and 
manufacturing during the main product life cycle phases:
a) Development phase is based on detected failures 
such as prototype test runs or simulations,
b) Manufacturing phase is based on detected failures 
such as sample testing or end-of-line testing,
c) Usage phase is based on customer claims or expert 
hints in garages.
The documented Lesson Learned issues support product 
and manufacturing planner regarding product improvement or 
“Carry over Part (COP)” decisions related to the next product 
generation (Product generation A, B, C; cf. Figure 2). 
Fig. 2: Level of customer´s product requirements versus successor 
development, cf. Bracke et al. [1].
2. Base of operations
The base of operations for the development of an 
applicable Lessons Learned approach during product life 
cycle phases with regard to sustainability and reliability issues 
are defined as follows:
a) Required data and information: Content, structure and 
characteristics (cf. section 2.1)
b) The sources for Lessons Learned issues during main 
phases of the product life cycle (cf. section 2.2)
2.1. Data Requirements and Definition
The collected data, which are the base of operations for 
generating Lessons Learned issues have to fulfil requirements 
regarding data quality [16]: 
Correctness, consistency, reliability (data generation is 
comprehensible), completeness, accuracy, free of redundancy 
(no multiple information), unity, relevance (related the 
problem), clearness (of interpretation), understandability 
(comprehensible for engineers related to the subsequently 
product generation).
Furthermore, a clear definition of Lesson Learned is 
needed: “Lessons Learned” or “Lesson_Learned”? [3].
a) “Lessons Learned”, an adjective, describes 
anything related to a Lessons Learned procedure; 
e.g. Lessons Learned process, Lessons Learned 
staff officer, Lessons Learned working group, etc.
b) “Lesson_Learned”, a noun, the change that resulted 
from the Lessons Learned procedure, and the 
written record of that change.
In this paper, Lesson Learned is only used as a noun, not as 
an adjective. Lessons Learned issues are improvement 
potentials (engineering topics) regarding the actual or 
subsequently product and manufacturing generation. 
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2.2. Sources for Lessons Learned issues
Possible sources with regard to the generation of Lesson 
Learned issues within the product life cycle can be as follows:
Development phase:
Application of different reliability and quality methods to 
support development activities can be sources for Lesson 
Learned issues during the development phase:
Fault Tree Analysis (FTA) and Failure Mode and Effects 
Analysis (FMEA) are the methods for risk analysis and to 
extract failure factors of the products or their parts that affect 
the quality characteristics such as reliability, maintainability, 
safety and economic efficiency of the product or the system. 
FTA obtains the occurrence factors of the products or their 
parts regarding an undesirable quality characteristic as a top 
event by a top-down analysis. On the other hand, FMEA 
analyses the failure mode that affects the various quality 
characteristics of the product or the system, and then clarifies 
potential design failure by a bottom-up analysis.
Furthermore, prototype test runs and product simulations 
can be the source of Lesson Learned issues. Failures and weak 
points –detected in FMEA and FTA in a theoretically way –
are discovered during prototype testing or simulation.
The responsibilities and expertise of quality managers, 
process and manufacturing engineers, and operations 
managers directly influence product development efforts. 
Process and manufacturing engineers can ensure that new 
product designs are easily incorporated into the company’s 
existing operating systems. With knowledge of production 
capabilities and personnel resources, production managers can 
smooth out issues during the conceptualization, ramp-up and 
testing of new product development phases [17].  
Manufacturing phase:
During manufacturing planning phase, previous knowledge 
for market analysis and supplier selection should be utilized. 
Demand forecast and product variety can be the key success 
factors for a company. Further, design efficiency indices of 
products, such as assembly time, number of materials or parts 
in a product, and number of levels in the bill of materials 
along with the process efficiency indices should be recorded 
accordingly. It is also important to generate failure forecast 
models for preventive maintenance of machines. During the 
manufacturing phase, a data base system is crucial to track 
operations, product components and machine utilization. 
Also, to meet and improve the quality requirements, test 
facilities can obtain data from Process FMEA (P-FMEA), 
Statistical Process Control (SPC), Quality Control Circles 
(QCC), Test-Steps, and End-of-line-Tests. 
Usage (Field) Phase:
The product usage phase is a long-term time range where 
Lessons Learned knowledge can be obtained from customer 
claims within the guarantee time area, garage information, 
product tests (journals, magazines), technical control boards 
and roadside assistances. Furthermore, the Original 
Equipment Manufacturer (OEM) has the responsibility - given 
by the law - to observe the usage phase in terms of safety. 
Based on a technical analyse of the detected weak point, not 
only the actual damage case is solved but also Lesson Learned 
issues for the subsequently product generation is generated.
3. The Lesson Learned Approach
This paper presents a Lessons Learned approach as a base 
of operations for the detection, documentation and saving of 
Lessons Learned issues within the product life cycle. 
Figure 3 illustrates a Lessons Learned matrix at a glance 
with roles and key performance indicators as an application-
oriented guideline for the generation of Lesson Learned 
issues.
The rows of the matrix represent main phases of the 
product life cycle: concept phase, development/testing, 
manufacturing planning, manufacturing and use phase (field). 
The first column presents essential information and actions
Fig. 3: Lesson Learned matrix (excerpt) with essential information, actions in regard to the main phases of the product life cycle.
Concept phase Development / Prototype test Manufacturing planning Manufacturing Use phase (field)
component serial number market analysis component serial number component serial number
product serial number supplier selection manufacturing step product serial number
software release scheduling operation step software release
variation/version machine variation / version
carry over  / cross platform part carry over  / cross platform part
failure forecasting models machine breakdown failure symptom / consequences
preventive maintenance for machines failure, failure root cause
development of  Fault Tree RPN /FMEA Process FMEA (PFMEA) to be defined (e.g. like RPN /FMEA)
scale of Fault Tree FTA
prototype test failed machine availability MTTF failure rate
simulation failed labor availability MTBF damage cases n
number of rejected proposals level of specification satisfaction process downtime loss rate n /N
damage probability P
reliability (survival probability) R
product/component life span t
user load profile
frame conditions (climate etc)
costs of construction revision
cost of prototype test
investment for new technologies cost of process downtime cost/product
number of simulation indirect labor costs maintenance costs cost/damage case
preparation of test facilities direct labor costs
Visualisation Fault Tree FMEA, FTA simulation models real-time monitoring system isochrone-diagram
Improvement actions
a) was done and successful reducing rework failure rate = 0
reducing materials handling significant decreasing of failure rate
b) was not done, but make sense
(e.g. to expensive)
lowering specification satisfaction change of specification benchmarking employee training new component construction
c) ideas regarding next generation
(product follower)
store and categorization of rejected
propositions
new component databases
changes of performance criteria
new manufacturing layout new product concept
Character of improvement action
a) Failure avoidance reduction and simplification of components
modularisation
sensing behavior of component / product
new decision making system new manufacturing process
b) Failure minimisation reduction and simplification of components
modularisation
sensing behavior of component / product
new test cycle
c) Increasing failure detection visualisation of product behavior sensing behavior of component / product automated product tracking
no specification change
(quantitatively)
no specification change
(qualitatively)
required time to confirm design proposal
Economics
Product life cycle
Identification component
/ process
Failure description
Risk-Reliability-Rating
(risk assessment)
Characteristics / index
operation index
(regarding failure)
quantification of failure mode (e.g. tensile
strength [GPa], eigen frequency [Hz])
failure mode (e.g. corrosion, fatigue,
sympathetic vibration)
functional level
(e.g. rotation, reciprocation, vibration)
working time of employee
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that are essential for the generation of a Lessons Learned 
issue. The explanation is as follows:
1) Identification of the component/manufacturing process 
step that can be improved has to be clarified (e.g. 
serial number, software release, operation step),
2) Description of the weak point, using the information 
structure failure mode – failure – failure symptom,
3) Definition of risk/reliability rating regarding the 
failure symptom,
4) Quantifying the Lessons Learned issue, using key 
performance indicators within development (e.g. level 
of specification satisfaction), manufacturing (e.g. 
relative failure frequency) and usage phase (e.g. 
relative claim frequency),
5) Quantifying of the failure cost: financial assessment 
(e.g. cost per claim, total cost),
6) Visualisation of the weak point (e.g. technical 
drawing, photos),
7) Improvement actions, classified as “Was done and 
successful”, “Was not done, but makes sense”, “Ideas 
and proposals”),
8) Classification of improvement action, using bivariate 
categories A) “Failure avoidance”, “Failure 
minimisation”, “Increasing failure detection” and B) 
Change of “construction”, “manufacturing” and/or 
“repair action”.
3.1. Lessons Learned regarding product development
In general, the product development process starts from the 
conceptual design for clarifying the design purpose of a 
design object. And then, the mechanism and/or structure can 
be started for consideration. Empirical evidence shows that 
poor decisions early in the process have a negative impact on 
cost and timing, which increases exponentially as time passes 
and the project matures. Therefore, the decision-making 
process at the early phase of design has the greatest effect 
upon the lead time of development, overall cost, product 
qualities, reliability and sustainability. Therefore, there is a 
need to extract the issues related to quality control as failure 
factors based on the data of previous accident or failures for 
next-product generation. Their countermeasure at the early 
phase of design can prevent the accident and can improve the 
control of quality.
FTA is effectively utilized as an analytical method for the 
quality characteristics such as reliability, maintainability, 
safety at the product development process. Therefore, this 
method is utilized widely for quality management, business 
improvement and countermeasure for an accident at the 
production, testing, construction and operation. From the view 
point of the users or manufacturers, a serious problem is 
determined as the top undesirable event. Then, the factors 
generating undesirable event are extracted based on the 
matters for investigation such as specification, previous
failure case and duration of life. Fault Tree Diagram can
visualize the relation of the top event and related factors. The 
low-level basis events with high failure rate are extracted 
based on the database of failure rate such as Government and 
Industry Data Exchange Program (GIDEP) and International 
Exchange of Authenticated Electronic Component 
Performance Teat Data (EXACT). The countermeasure 
against the extracted important basic event (fatal failure 
factor) includes the exchange for more reliable parts, reducing 
the stress for the part and redundant system. Based on these 
knowledge, next generation product can be evaluated by 
calculating the event probability of the top event.
FMEA clarifies the potential failure mode, failure cause 
and effect regarding the function of the product. Critical value 
for risk is calculated by the failure mode and the failure rate 
of the failure part, and then the high-priority failure is 
clarified. The reduction and simplification of parts based on 
Design for Manufacturing and Assembly (DFMA) [18] also 
have a possibility to avoid and minimise the risk of failure
that leads to lean and short-term product development. There 
is a need to compile a database including failure cause, failure 
mechanism, failure mode and failure effect for swift 
preventive measure against accident and failure.
3.2. Lessons Learned regarding manufacturing process
The fluctuations of both supply and demand are the most 
critical issues for a company. Therefore, manufacturing 
system must able to meet these variation in an efficient way. 
Either labour or machine intensive, problems with resource 
availability should be solved first. Knowledge gained by P-
FMEA, Mean Time to Failure (MTTF), and Mean Time 
Between Failure (MTBF) records may help to reduce process 
downtime. Manufacturing activities can be updated in a 
timely manner only if previous information related with cost 
of process downtime, maintenance costs, direct labour costs 
and outsourcing costs are known. Where possible, real-time 
monitoring systems may also help to track operation steps and 
material flow such as new technologies including Radio-
frequency identification (RFID) systems. It is not common to 
re-layout the locations of machines very frequently. However, 
based on the product/component flow information, schedules 
of machines and/or material handling equipment can be 
revised constantly. Records of number of products produced
and shipped are the main data for the manufacturing phase.
Experienced employees at the workshop may also 
contribute to optimise the process based on operation 
sequence and process times and may generate ideas for 
product development process. To support continuous learning 
and sharing practical information, ideas from employees 
should not be overlooked and kept in a database.
To optimise reliability and speed up the manufacturing 
operations, use of new technologies -especially for packing, 
product testing and product tracking- may be helpful. 
Although, investment and operating costs of a high tech 
system may be high, the system is expected to pay back in a 
short term in terms of reliable operations, data availability and 
even customer satisfaction.
3.3. Lessons Learned regarding usage phase 
Lessons Learned issues can be generated within the 
product observation by the OEM (cf. sources section 3.2). The 
identification of the weak component resembles with the 
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concept/development phase. However, the key performance 
indicators regarding the substantiation of Lesson Learned 
issue are different, especially in terms of mass production. 
Key performance indicators – with regard to the damage case 
- are failure rate Ȝ(t), damage cases n, loss rate n/N, damage 
probability P(t), reliability (survival probability) R(t).
Furthermore, frame conditions related to the weak component 
are important: Product user load profile (e.g. recorded by 
electronic control units) and market specifics (e.g. climate, 
environment impacts).
The visualisation of the failure behaviour can be illustrated
by isochrones-curves or univariate/multivariate Weibull 
distribution models (cf. density function (1)). An advantage to 
approximate such failure modes is the easy interpretation of 
utilised parameters (t0 = failure-free time; T = characteristic 
lifetime; b = shape parameter; [19]). The estimation of the 
parameters is done by state of the art methods such as Trust-
Region method [20] or Maximum-Likelihood-Estimator [21].
(1) 
The proof of product improvement can be quantified by 
decreasing the loss rate with respect to failure rate that can 
also be observed within the product observation, e.g. using 
isochrones curves.
4. Conclusions and Outlook
Lessons Learned issues are a key factor to avoid product 
and manufacturing weak points in the future periods related 
with current and following product and manufacturing process 
generation. Main challenge is the detection, documentation, 
saving and allocation of structured knowledge regarding a 
long time span. Especially in the case of product life cycles in 
automotive engineering: development phase may take 2 years,
production 6 years and usage up to 15 years, considering the 
time-delayed product life cycle of the next product generation.
The targeted use of Lessons Learned issues for product 
improvement with regard long product life cycles needs -
besides a clearly documentation - also key performance 
indicators for prioritising the knowledge.
This paper presents a Lessons Learned approach as a base 
of operations for the detection, documentation and saving of 
Lessons Learned issues within the product life cycle. Key tool 
of the approach is a Lessons Learned matrix with roles and 
key performance indicators as an application-oriented 
guideline for the generation of Lesson Learned issues.
Depending on the main phases of the product life cycle -
concept phase, development/prototype testing, manufacturing 
planning, manufacturing and use phase (field) - the operator is 
enabled to generate, prioritise and access the required 
knowledge. The matrix also provides the hints and notes for 
the essential information and actions for the subsequently 
product generation.
At this point of time, the matrix is applied and validated on 
component level - and not on a product level - regarding the 
main phases of a product life cycle. Future research work will 
include a comprehensive case study with regard to a technical 
product to determine the challenges and potentials of the 
Lesson Learned matrix with a complex interdependence as a 
background.
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